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AIRPLANE

.

EERPORMANCESAS INFLUENCEDBYTHEUSE
03’A SUPERCH&RGEl)ENGXNE.

ByGeorgedeBdhezat,
AerodsnuunicalEmert,

NationalAdvj.sory-Committee~orkcmau%ics.

Thequestionoftheinfluenosoftheuseofa supercharged

engineonairpkneprformanoewillbetreatedhereina first

approximateion,butonewhichgivesanexactideaoftheadvantage

ofsupercharging.Themethodusedmaybedirectlyextendedto

treatthisproblemwithoutanyofthesimplifyingassmptiorls-e.

!Cheeeass~pt&on8aremadeexclusivelytoallowaneasiersW~eY

oftheproblem.

Letusconsideranairplanewhiohclimbsfirstwithanordi-

naryengine,notsupercharged,(calledinthefollowingcaseI),

andafterwardscIimbswitha superckrgedengine(caseII),and

letusfindtheclifferenceoftheceilingsrea~edinthetwocases.

WewiU assumeinbothoasesthepowsr~m ofthemotorata
sealeveltobetheseineandthoefficiencyq oftheprope12er

tobemaintainedoonstantallthetime.Thisisquitepossible,

toa oertainextentforapropellerwithanadjustablepitch$a

conclusionreachedbytheoryandexpertientallyverified.

Incase1,weoanconsiderinafirstapproximationthepower

&m ofthemotortobeproportionaltothedensity,thatis,to

beexpressedintheform

4 (1) J m =m&

whereS istheairdeneit~ata givenheight~
4
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m a Wnst_t coefficientoharacterieticforthemotorcon-

s$dereti,assmingthenunberUSrevolutionsofthemotorto&

keptnearlycons%nt.”

At sealevelwehave

(2)

wharesoisthecorrespondingairdensity,
.:

W powerexpendedforhorizontalflightatanyaltitudeis

where~ isthepropellerefficiency

Q the~ropellerthrust

~ theflyingspeed.

Ontheotherhandtheequationeofthehorizontalsteadymo-
●

tionareoftheform

where~ isthetotalweightoftheairplane

48”’ & ~thedragandliftooefficients(funotionsofthe

angleofattackonly)

b thewingarea.

Comparing(3)and(5),wefind

{6) Qv =

andfollowing

(7) L
Am”

anequationthat

andthespeed~

p@ -+?. gA~3 ~

= &p3

fixestherelationbatwsentheangleofattauk~

for

I callolimbiuctzrvq

horizontalflightatanyaltitudeincase1.

(gmC curve)theourveof~ plottedJ’

..
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aglainsti acoordingtoequat&on

(7)*

Letusnowplotona systemof (V,i ) Ges theBystemof

curves(seeequation(4))

(8) 2
d%

fordifferentvalues

Ql@tQg(seefigure).

isa directfmction

tions)forthecurve
.

of $ . I callthelastcurves’yelocitv

Astheheight#

of r (depending

(8)wecanwe ~

d. Ifweplotonthese(~~

reachedbyanairplane

won atmosphericcondi-

asparamf3terinsteadof

}axesthe ~ curve(?),

eaohpoiatofintersectionofa velocitycurvewiththe C ourve

givesfortheheight# correspondingtothevelocitycurve

considered,thevelocity~ andtheangleefattack~ ofthe

horizontalflightattheheight# oftheairpl~ Considered.

Thatvelocitycurvewhichistangenttothe C curvegivesthe
t

value~= (case 1) oftheceilingandthevaluesof / ati~
b correspondingtothisOeiling.

ThelastvalueoftheoeiZingcanalsobefouuddirectly

as follows:Eliminatingv from

‘(9)
P&o%5“= “—–

##-@
**

(7) and(8), Wef$.nd

thatis,thedensityal (fOr0as81]infactionofthean.

gleofattaok~ . me minimvmvalueof &z givenbythe

last

that

equationwtllcorrespondtothemaxti oftheheight# ,

is,totheOeiling.ThusthevaluelM Oftheangleof
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at%ackcorresponding

therelation

@V

to~heceilingincaseIwillbefomd from

and

(10) 5L&. +(-tj?)

Practically,thebestwayistoplotthecurve(9)andfindita

minimungraphically,W cause&& &d
%

areempiricalfum-
●

t ions.

Itiseasytoseethattheangleofattack ●L& ,forwhich

$, isminimum,istheseineamgleforwhichthepowerJ*

expendedforflightatsealevelisminimum Infactwehave

(u) da .QY= d. &o/i/f3
andreplacinginthe

weget

(22) J --
R

Themininnlm’of4

dlxe)
that ia

&

Jj@=’,=)==0
.

whichthusisthesmneanglei~

Onthe.annexedfigurearerepresentedthevelocitycurvesand

curveforcase1,whichcurvesfullyillustrate

Theceilingisreachedatanangleofattackof
..-

alltheforegoing.

~0, at a Weed



.5. 3161-18

of 320ft./see.andhasa valueof25~000ft.

1%caseIIwewillhavethepower&mo maintainedconstant

bythesupercharger,uptoaceftaindtituds,say2O,OoOft.,

forexample.Afterwardsthepowerofthemotorwillagaindrop

ina firstapproximationsthedensity.Letusfirstass-

thelimitpossibilityof

ProSeeding

(13) d &
following

(14) Q&’

anddividingby

quitesimilarZytocase1,~ willfind

(4)weget

a anequationwhichrepr%sentstine

case11.
●

Plottingthis< curveonthe
-z

directilyseetheeucmousinoreassof

m.uveinthelimiting

velocitycurve+,wewill

ceilingthatanudimited

superchargingwouldgive.Thefacttobenotedisthateven in

thecaseofanunlimited$uperc%rgingwereacha oeiling.

“ Inthislastcasethedensityourvehasforexpression

aniitsminim=,correspmdingto theceiling,takesplaoeforthe

sameangleofatta* ($ asintheprecwlingcase.

.
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But theqerchargingma.ixttainsthepoweronlyuptoa Cer+

tai.naltitude,andafterthisaltitudsisreachedthepowerofthe

motorwillvaryaocordingtothelaw

CLm) ‘ ~ =~ gc
wherethevalveof~= hastobetakenfromtherelation

(19) L *O = “me&c

4sc beingthedensityatthe

chargermaihtsinsthepo~r.

fromthisaltitudeasE

Afterthedensity

oordinglyarisea

Itssecondbranch

therelation

sudden

c;

=$6X

limitheightuptowhichthesupsr-

!l?heairplatlewillstarttoclimb

werethesealevel.

hasbee;tieaohed,theremustac-

changein the car w of *he C“ cimve4

P-,(20) c-~
A

andthe o&responding~~

begiven,as2seasyto eee,by

densityouwewillbe

anditsminimun

amgleof attaok

ceilinginthis

takes plaoe,asitiseasytosee,fortheseine
.
“h ,whiohminimumfixesthevalueofthe

lastcaseofsupercharging,

- c; ourve andthe~= ourveneoesSEAIYintersect

on the veloc%tyourve
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correspondingto the valw xc ofthedensityuptowhiohthe

s~ercbargingmintaim themoto~power.

Intheeaseofourfigurethece%l.ingfrom25,000ft.is

inoreasedto 37,(XX3ft.,thesuperchargingmaintainingthepower
\

onlyupto20,m ft. Thismakes,inccmpm?isonwithcaseI ofan

enginewithoutsuperchar&.ng,anincreaseoftheoeiltngof”

about50percent.

WethusseetheWIM1O5mportanoeof

whiohhasforgeneralresultsosensible

enginesuperoharging~

anincreaseofceiUngD




